Population-based studies suggest moderate and regulär consumption of alcoholic beverages and especially of red wine to reduce morbidity and mortality from coronary heart disease. These beverages may interfere with immune acüvation cascades crucial in the pathogenesis of coronary heart diseases. Neopterin concentrations in human body tluids were found to increase in the course of coronary heart disease indicating the activity of the atherogenetic process. In this study, human peripheral blood mononuclear cells (PBMC) stimulated with mitogens phytohaemagglutinin and concanavalin A were exposed to red and white wines, to ethanol and to grape juice as a non-alcoholic control in vitro. Neopterin production and tryptophan dcgradation were mcasured in supcrnalants. Both biochemical effects are induced by Thl-type cytokine interferon-y and allow monitoring of immune actnation. In stimulated PBMC increased production of neopterin and degradation of tryptophan was observcd Red and white wines, as well as grape juice mhibited these stimulation-induced effects, higher concentrations being more cffective. Ethanol had comparably small if any effect, Red and white wines as well as grape juice do\\ nregulate cytokine-mediated effects in PBMC. Most likely, antioxidant ingredients of wine and grape juicc such as resveratrol are capable of interfering with immunologic pathways which appear to be of relevance, e g.. in the pathogenesis of cardiovascular disease.
Introduction
modulating immune system functions, e.g., influencing the production and secretion of cytokines. In In some regions of France there is a low mortality vitro, monitoring biochemical effects such as neopterin from coronary heart disease (CHD) despite high intake formation or degradation of tryptophan is a convenient of saturated fat. The so-called "French Paradox" has way to quantify effects of cytokines on the T-ceI!/mabeen attributed to regulär and moderate drinking of red crophage interaction and the possible influence of wme (1) . High quality of red wine, e.g. barrique (2) , exogenously added immunomodulating Compounds appeared to have superior cardioprotective effects, but (7, 8) . Neopterin, a metabolite of guanosine triphoson the other band not only red wine, but also other phate, is produced in humans and primates by monoalcoholic beverages reduce cardiovascular risk (3) .
cyte-derived macrophages and dendritic cells upon Furthermore. ethanol was also found to modulate Stimulation with interferon-y (IFN-y) (9.10) (Fig.la) . T-lymphocytes in vitro (4) . On the other hand, alcohol Therefore, increased neopterin concentrations reprecontent may not be the only reason for the cardioprosent an unspecific marker for the activated cellular tective effect of wine, which contains a large number immune system (9) . In a recent study, neopterin conof effective antioxidants especially phenolic comcentrations were confirmed to be closely linked with pounds such as resveratrol (5) .
atherogenesis and toll-receptor-4 polymorphism (11). (12, 13) (Fig. la) . The ratio of the conccntration of ihe product of IDO, kynurenine, versus the suhstrate tryptophan (= kyn/trp) allows an estimaic of IDO activity. Kyn/trp is usually high during cellular immune activation (14, 15) and correlates closely with neopterin concentrations in various disea.ses (12, 14) . Parallel induction of neopterin produclif.)n and tryptophan degradation has already been shown in monocytic cells and in PBMC (16, 17) . However, whereas significant production of neopterin in humans is specific for activated monocyte-derived macrophages and dendritic cells, tryptophan degradation and thus an increase of kyn/trp is inducibie in several cells of various species (10, 13, 16, 17) .
Activated
In this study, we investigated the influenae of red and white wines on PBMC by determination of neopterin fomiation and tryptophan degradation in stimulated and unstimulated PBMC of healthy donors. Results were coinpared to the influence of pure ethanoL of frcshly prepared grape juice as non-alconolic contro).
Materials and Methods
Cell cidture PBMC were isolated from whole blood obtained i'rom healthy voluntary blood donors by density centrifugation (Lymphoprep, Nycomed Pharma AS, Oslo, Norway ). Cells were mamtained in RPMI 1640 (PAA Laboratories, Lmz, Austria) suppiemented with 10%-heat-inactivated fetal calf serum (Biochrom, Berlin, Germany), 2mM L-glutamine (Serva, Heidelberg, Germany) and 50 pg/rnl gentainycin (Bio-Whittaker, Walkersville, MD). Cells were seeded at a density of 6x iOVml and stimulated with mitogens concanavalin A (Con A, Sigma, Vienna, Austria) and phytohaemagglulinin (PHA, Sigma). Cells were co-incubated with or without red wines (Blauer Zweigelt, 1999, 13%; Zweigelt, 1999, 12.5%; Vina Albali, 1995 or 1996, 12.5% alcohol content), white wines (Riesimg 1996,12%; Soave, 2000, 11.5%), 11.5% and 12% ethanol (analytical grade, Merck, Darmstadt) diluted with distilied water and juice freshiy prepared from grapes. For the latter, dark grapes were squeezed and kcpt with the cancs and skins of the berries over night. The grape juice was sterile-filtered before added to the cells. Of all solutions, 100 or 200 pl were diluted with 900 or 800 pl RPMI and added to cell cultures. Culture supernatants were harvested by centrifugation and frozcn at -20 °C until measured. All experiments were performed three-times and in triplicates.
Determination of neopterin, tryptophan and kynurenine
Cells were kept in culture for 48 hours and supernatants were collected. Tryptophan and kynurenine were measured by high Performance liquid chromatography (HPLC) as described using 3-nitro-L-tyrosine as external Standard (15) . Kyn/trp was calculated and expressed as pmol kynurenine per mmol tryptophan Neopterin was determined by ELISA (BRAHMS, Berlin. Germany) according to the manufacturers Instructions with a detection limit of 2 nmol/L.
Statistical
analysis For comparison of grouped data Sludent's t-test was applied. P values below 0.05 were considered to indicate significant differences.
Results
In unstimulated PBMC average neopterin conccntration was (mean + S.E.M.) 3.7 ± 0.4 nmol/L. Incubation of PBMC with Con A (10 pg/ml) and PHA (10 fJg/rnl) increascd production of neopterin significantly (p <0.001; Fig. 2 ). Additional treatment of .stimulated PBMC with red and white wines. and grape juice down-regulated neopterin l'ormation very effectively. For red and white wines, significant eftcci> were observed at both concentrations used, w-hcreas grape juice was only effective at the higher concentration (Fig. 3) . Dilutions of ethanol (final concentratum according to the one in added wines = 1.2 -2.4% \/\ i had no such effect (Fig. 2) .
Tryptophan degradation, as quantified by a decreasc of tryptophan and a parallel increase of kynurenine concentrations. was increased in stimulated PBMC as compared with unstimulated cells (Fig. 4) . All red and white wines inhibited stimulation-induced tryptophan degradation up to more than 90%, while ethanol had only a comparably very small effect (Fig. 4) . Also upon addition of grape juice, stimulation-induced tryptophan degradation was significantly abrogated. kynurenine concentrations and kyn/trp dccüned whereas tryptophan concentrations increased in cultures when grape juice was added (Fig. 5) . Coinparable with the changes induced on neopterin production, also kyn/trp was less influenced by white whine than by red wine.
Overall, all red and white wines and grape juice had similar inhibitory effects on stimulated PBMCs tu interfere with stimulation-induced neopterin formation and tryptophan degradation in PBMCs. In all the experiments cell viability remained unchanged. A marked coineidence existed between increasing neopterin concentrations and kyn/trp in supernatants of PBMC. 
Discussion
In PBMC stimulated with mitogens Con A and PHA, increased neopterin production and tryptophan degradation was observed indicating that macrophages were stimulated by IFN-y released from activated Tcells. Changes of neopterin production and of tryptophan degradation were quite coincidental, which agrees well with the known background of these biochemical events, namely both biochemical events are induced by the cytokine IFN-y (17). Red and white wines and also grape juice decreased these stimulationinduced immunobiological responses, whereas ethanol in similar concentration as in wine only had modest influence if any. Thus, the alterations seen when administering beverages to stimulated PBMCs were widely independent of alcohol content, rather it seems that the effects are caused by other components contained in wine and grape juice.
Antioxidant capacity of wine and grape could be involved in the immunomodulatory effect of beverages. Non-alcohoüc components, so-called polyphenols, appear to be most important for this effect (18) . Polyphenols are synthesized by grapes, being present in the canes, leaves and skins of the berries. Red wine polyphenols encompass anthocyanins, proanthocyanidms, monomeric flavanols, flavonols, and phenolic acids, as well as stilbene derivatives. Of these, resveratrol (stilbene), delphinidin (anthocyanidin), and quercetin (tlavonol) are suggested to mediale red wine effects (18) (19) (20) (21) (22) (Fig. Ib) . The polyphenols show potent antioxidant properties, and they may reduce oxidaiion of lipoproteins and other chemically and enzymatically mediated peroxidative reactions. Flavonoids act by protecting (and perhaps regenerating) the primary antioxidant, a-tocopherol (vitamin E), by direcl antioxidant effects and by scavenging free radicals and peroxy radicals (22) . Studies indicate that also white wine contains effective polyphenols and shows remarkable effects on oxidative stress and inflammatory reaction. E.g., tyrosol and caffeic acid, typical white wine polyphenols, are able to modulate the expression of cytokines IL-Iß, IL-6 and TNF-a which are known to influence the acute phase of the inflammatory response (23, 24) . Earlier, resveratrol was found to influence T-cell functional response (25) . Thus, resveratrol might represent one of the Compound most likely involved in down-regulatory effect of wine and grape juice in our experiments. Such conclusion would also at least partly explain why white wine compared to red wine had a comparably weaker effect on neopterin production and tryptophan degradation.
Assuming that Stimulation of PBMC by mitogens elicits oxidative stress in cultures (Fig. la) , it seems reasonable that the in vitro effects of wine and grape juice (Figs. 2-4 ) are due to their antioxidant effect (Fig.  Ib) . They may interfere with redox-sensitive signal transduction pathways which are activated in the cells. In Our study, wine and grape juice inhibited neopterin production and tryptophan degradation in stimulated PBMC, both immunobiological effects being Imked with IFN-y-activity. Because IFN-y also potently induces production and release of reactive oxygen species (ROS) (26), ingredients of wine and grape juice may not only act as chemical antioxidants, by reducing effects mediated by IFN-y they may also reduce the formation of ROS (Fig. Ib) . Interestingly Üic effects Seen were comparable with Observation of earlicr studies in which eactracts of teas (7) or of Uncaria lomentosa (27) and also atorvastatin (8) were investigatcd. It appears that all the effects seen to slowdown immunobiological pathways induced by IFN-y are due to the antioxidant potential of test substances. The potency of wine and grape juice to interfere vv iih «xidative stress could not only be of relevance in coronary heart disease, it may also be important in several other clinical conditions in which macrophage activation by IFN-y is involved. Especially patients suffering from chronic diseases with increased neopterin formation and tryptophan degradation (= elevated kyn/trp), e.g. patients with malignancy, infec-[ions or autoimmune diseases like systemic lupus erythematosus (12, (28) (29) (30) , might benefit most from wine or grape juice because of the down-reguiatory effect on activated macrophages.
By down-regulating IFN-y activity, wine and grape juice may induce a shift from Thl-type towards Th2-type immune response and increase the risk for allergic rcactions in susceptible patients (Fig. Ib) . Such conclusion would be in line with the assumption that aromatic antioxidants of food may elicit Pseudoallergie reactions in chronic Urticaria (31) , and the data arc also in line with the Observation that alcoholic beverages can cause an exacerbation of asthma (32) . Howevcr, our study does not exclude any effect of wine and grape juice to down-regulate Th2-type immune response as well.
It is questionable to what extent one can extrapolate results from our in vitro experiments using a cornplex mixture of Compounds as present in the beverages used, to possible effects in humans. Not all of the Compounds can be efficiently resorbed, and a gradient is existing between the concentrations present in (he beverages and the one cstablishcd in the blood. However, at least in the gastrointestinal tract one can assume the presence of all ingredients and also at reasonable concentrations which may make antioxidant reactions more likely (7, 33) . Especially the antioxidant capacity of ingested Compounds could be of relevance to establish or shift the redox equilibrium in the gut which could then be of benefit for the whole organism. Tinc capacity of ethanol to interfere with stimulated PBMCs was rather weak, but it may well be that also the antioxidative nature of alcohol could contribute, albeit the effect might be small. On the other hand, ethanol content of beverages may improve gastrointestinal absorption of active Compounds.
In conclusion, red and white wine and also grape juice are able to suppress immunobiological events in mitogen-treated PBMC. Polyphenols rather than ethanol content appear to be important, since grape Pteiidiiies/Vol. 15/No. 1 juice was ablc to induce similar effect as wine. Data suggest that wine and/or grape juice can be of benefit in paticnls suffering fonn disease with chronic immune Stimulation. In case of wine, only moderate consumption can be recommended to stay away from adverse effects whicii ethanol at larger dosage may have in humans.
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